The world of antisnake venom production is currently a gloomy place to visit. It is described as being in crisis, characterized by shortages, producers leaving the market, high prices, and unsustainability. It has been reduced to a pauper-like status, doomed to relying on charitable handouts for resolution. The worrying aspect of this is that little work has been done to establish the true economics and return on antisnake venom if provided by private companies. Fortunately, it is amenable to economic analysis, and in this manner, a rational approach to further development and distribution can be obtained. This article proposes a model antisnake venom (ASV) production unit and shows the likely economics and return based on the production of various volumes of ASV. It estimates the costs for the key components of the unit, which are production equipment and staffing. A profit and loss account and balance sheet are constructed for the unit, and the effects of ASV volume and neutralizing titres are demonstrated. It is our contention that ASV production can be sustained at affordable prices in the developing world. We recommend that any solution to the ASV shortage must take into account the most cost efficient method(s) of production.
Introduction
A manufacturer considering the production of an antisnake venom (ASV) can be forgiven for focusing upon other products instead. The World Health Organization (WHO) states that private producers have stopped producing ASV because of ''market instability and unprofitability; the prices of some products are completely unaffordable by the health systems of developing countries.'' 1 Despite this gloomy assessment, the constant plea by clinicians on behalf of snakebite victims for more ASV has been made for decades. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] To date, there is not agreement upon the best way to meet this pressing need. No detailed instructions or analysis for the economical production of ASV has been provided to convince private manufacturers to enter the commercial market or to establish why government suppliers are leaving the market; indeed, there is scant publication about ASV in any market. 17 This article presents a model for ASV production, primarily in a developing country and based on corresponding cost considerations. However, the key variables identified here for the first time can be used for comparison with costs for these same variables in any country (Table 1) .
Background assumptions
A critical problem, and one of the major causes for the past 30 years of failure to solve the snakebite problem, is ASV provision and economic sustainability. In the absence of charitable distribution, of which there is no track record of success, the product must be affordable in developing countries while delivering an economic return that incentivizes producers to continue production. Based upon this premise, our model assumes that ASV production is the core business and that those discrete areas essential to the ''ASV process,'' but not necessarily production per se, will be outsourced to more efficient suppliers. For example, consider the need for a snake house, where snakes are ''milked'' of venom for collection in requisite quantities for efficient ASV production. Managing a snake house and snake handling are specialist occupations, particularly if producing an ASV for nonindigenous species. In such a case, it may be far simpler to purchase venom from reputable suppliers, and we have made sensible assumptions such as this throughout our model. In another example, ancillary products, such as sterile water-for-injection, used in reconstituting lyophilized ASV, may be economically purchased from suppliers that can generate better economies of scale and thereby reduce the overall cost of the ASV.
We address all areas of production, always on the lookout for expertise, low cost, and economies of scale.
The ASV product
Despite all the debate and demands for more ASV, the characteristics of the product(s) required in many circumstances remain poorly defined, to the extent that some authorities have (incredibly) suggested that clear recommendations should not be given. 18 That approach is fraught with imprecision, so we make the following clear contentions and assumptions:
1. Caprylic acid fractionated ASVs have been widely reported. These are characterized by faster production times and higher yields of antibodies than is achieved by the older ammonium sulfate methodology. 14, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The antibody yield is approximately double, which contributes to the economic logic. Caprylic acid purification of antibodies gives a yield of approximately 1000 to 1500 vials of ASV per year per horse. 29 The range is attributed to the nature of the venom in the inoculation regimen and the titre levels achieved. In the basic version of our model, caprylic acid fractionation yielding 1000 vials of final product per horse per year has been assumed. 2. Whole IgG ASVs are as safe as F(ab) 2 ASVs in terms of adverse reactions and by definition are simpler to produce as they involve less processing steps such as pepsin digestion. [24] [25] [26] 28 3. Venoms should be pooled from a variety of sources as this provides greater regional effectiveness for the final ASV product. For production purposes, multisite injection regimens in the horse provide higher titres and lower incidences of local reactions. 18,30 4. The ASV used in this model is based on one previously suggested for West Africa and is thus effective against the carpet viper (Echis ocellatus), blacknecked spitting cobra (Naja nigricollis), and puff adder (Bitis arietans). 14 It should be noted that these species are not the only medically significant species in the area, but this combination provides a base example for the model. 5. Antisnake venoms are largely required in the developing world, where ''cold chains'' for guaranteed refrigeration of liquid ASV are not available or are frequently interrupted. Our model unit is thus geared to produce a lyophilized ASV to enable longer shelf life and higher tolerance to hot climates. 6. An initial production volume of 100 000 vials per annum has been assumed for base costing of the financial return on the ASV production unit described in our model. In Asia, a small number of ASV suppliers (2 in India and 1 in China), currently produce in excess of this volume, but most manufacturers produce 50 000 vials per annum or less. 7. No allowance in this model has been made for additional specific viral protection measures other than those inherent in the production model outlined and the caprylic acid fractionation method (rigorous animal health monitoring, enclosed processing, clean rooms, low pH, 0.22 micron filtration, etc). Despite such additional measures being recommended by some authors, no evidence has been forthcoming that this is a real concern. 1,18,39 Specific additional measures to provide viral protection filtration are expensive and can add $1 to $2 cost per vial for countries with greatly constrained health care budgets.
Financial statements to measure return
In any business, shareholders invest cash to purchase assets, which are used to generate revenue and profit. These assets are recorded on a financial statement known as a balance sheet and are intended to generate a return in terms of profit and/or dividend, which is recorded on a separate financial statement, known as the profit and loss statement.
The assets of production and the balance sheet
The 3 major asset classes that concern ASV production are land, buildings, and equipment. In the discussion that follows, all costs are in United States (US) dollars. 
Land and horses
Land requirement for the project is based primarily on the number of horses needed for production. With a target of 100 000 vials per year and an assumption of 1000 vials per horse per year, the requirement is 100 horses. Land is required for grazing but also for exercise and maintenance of general health. 31 The better the condition of the horses, the higher the antibody titre. Western methods advocate 1 to 2 grazing acres per animal. 32 However, in the developing world, year round grazing is less available and needs to be supplemented by nutritional feeds. The costs for these are dealt with elsewhere in this article (see ''Horse Fodder'' later). Assuming the availability of high nutritional feed, an allowance of 0.5 acres per horse (includes both open and covered paddock areas) has been assumed, generating a land allotment of 50 acres. Some Indian manufacturers currently use a lower land allotment per horse, but this is counterproductive as titres may be placed at risk and increasing attention to the humane treatment of the horses is becoming evident. Estimates from India and Pakistan indicate that agricultural land cost is approximately $31 000 per acre. Land costs are not amortized/depreciated in our model under the assumption that land maintains or increases its value.
The model includes 100 horses for inoculation. The horses should be ages 5 to 8 years and in good health. Purchase cost of $625 per horse yields a total asset value of $62 500. Horses are assumed to have a useful ASV production life of 5 years and are thus amortized/depreciated over a 5-year period.
Buildings
The building areas are divided into 3 main groups for the purpose of allocating space and calculating construction costs:
1. Horse stabling, including veterinary care, associated facilities, and blood collection unit. 2. Production space, associated offices, plant rooms, and storage. 3. Laboratory, testing, and small-animal house.
Horse stabling and veterinary facilities (Table 2)
Provision is made for 2 covered paddock areas totaling 4320 square feet each, to provide 80 to 100 square feet of housing per horse (each paddock accommodating no more than 50 horses). Each area is concrete floored with good drainage and roofed to provide shade and rain protection. The paddocks are fan-cooled, contain feeding stalls, and are located with easy access to the open paddock areas and veterinary block. Building cost ϭ $14 per square foot; total ϭ $120 960.
The veterinary block includes a separate 1000 square feet blood collection unit with 4 bleeding stalls, all fully tiled for easy and thorough cleaning. Building costs ϭ $25 per square foot (total ϭ $25 000). Adjoining office areas include a fully tiled, sterile area for preparation of injections and storage of plasma, plus a half-tiled dispensary, operating theatre, and necropsy room. Total size ϭ 1000 square feet built at $57.5 per square foot; total ϭ $57 500.
This area should also include a weighbridge, quarantine area (3700 square feet), 2 colic boxes, farrier shed, together with a self contained, secure, vermin-proof, dry hay store (4500 square feet) and concentrated feed store and processing unit (4800 square feet) to accommodate the feed grinder/mixing unit and conveyor-total area comprising 15 000 square feet at $8 per square foot. Total space requirement for the veterinary block is 17 000 square feet.
Equipment for veterinary use, in addition to standard surgical and laboratory equipment, includes 3 refrigerators (double door, 300 L capacity each) for venom, plasma, and drugs; an automatic cell counter; bags/bottles for blood collection plus weighbridge; feed grinder/ mixing unit; conveyor (capacity ϭ 750 kg feed per hour); tractor with trailer; 8 restraints for bleeding stalls (4); operating theatre (1); quarantine area (2); farrier shed (1); hoist for autopsy room plus ceiling fans for cooling all areas and 4 horizontal laminar flow units; 3 air curtains; and 3 negative pressure pumps for maintenance of sterile/clean areas. The cost also covers a computer and software for maintenance of horse immunization and bleeding schedules. Total equipment costs for this category ϭ $145 000.
Production facility and offices (Table 3)
A manufacturing facility building of approximately 20 000 square feet is assumed, including administrative offices. Basic construction costs, including all earthworks, construction, construction materials, provision, and installation of basic utilities and fittings, are estimated at $25 per square foot. This figure does not include specialized finishing and services for cold rooms and sterile areas (total of 6000 square foot) for which an additional $25 per square foot of construction cost is assumed.
Space allocation is as follows: production processing room (1000 square feet); sterile cold rooms for separation and storage of plasma (500 square feet); ancillary plant rooms (6000 square feet); washing and sterilization (1000 square feet); filling and sealing room (2500 square feet); labeling and packing room (500 square feet); storage rooms for packaging and chemicals (2000 square feet); finished product storage (1000 square feet of cold room); and offices, reception, goods in/out, washrooms, and circulation space (5500 square feet).
The production processing area is a designated sterile area to Class C level as is the plasma storage room and washing/sterilization areas. The filling and sealing room is a Class A environment. Classes of clean room denote the number of particles of greater than 0.5 micron per cubic meter of air. Class A is necessary to provide greater quality and protection against potential contamination.
Building costs are amortized/depreciated over 25 years. Plant equipment costs (Table 4) Bore well construction costs, including a submersible electric motor to supply a 100 000 L overhead water tank, are assumed at $25 000 (water consumption is estimated at 70 000 L per day). Estimated costs for provision and installation of a demineralized water purification plant, piping, fittings, distillation column, and stainless steel tank for storage of distilled water are $150 000. A pure steam generator with a capacity of 200 to 250 kg per hour is costed at $25 000, together with a steam sterilizer (chamber volume of 3500 L) with trolleys and carriage ($60 000) plus 2 autoclaves ($75 000), provided to meet cleansing needs of production/laboratory and veterinary plant and equipment. Electrical power consumption is estimated at 325 kWh. Purchase, installation, and commissioning costs for a 315 kVa transformer are estimated at $175 000.
A compressor and refrigeration plant room is costed at a total of $167 500. Allowances for water pumps, pipes, valves and fittings, instrumentation, and fire prevention equipment are $45 000. A further allowance for furniture and office equipment, including computers, is estimated at $87 500.
Total plant and equipment costs for the main production and office block are estimated at $810 000 and are amortized/depreciated over 10 years.
Laboratory and testing area (Table 5)
Laboratory and testing facilities are estimated as requiring 2000 square feet at $37.5 per square foot of Class C facility ($75 000 total). A small-animal house of 2000 square feet at $25 per square foot ($50 000 total) is necessary for the production of 2000 mice per month, and provision of $15 000 is also made for cages and breeding racks.
Laboratory equipment costs are estimated at $250 000.
Production equipment
In terms of production equipment, the priorities are sterility, effectiveness of operation, technical capability to control the process, and ease of use, cleaning, and maintenance. The simplest way to ensure these objectives is to source the equipment from a single supplier wherever possible. In this array, all the equipment for production is sourced from Millipore Corporation, Billerica, MA. Millipore has considerable experience in supplying elements of the production process and has the capability to supply the entire array. The use of single source quality equipment negates the reliance on improvised equipment arrays used in developing countries, which can compromise product quality. 31 
Process
Once the plasma has been separated, it is placed in a disposable mixing bag (50 L, 100 L, or 200 L capacity) with an integral, magnetically driven impeller and placed in the Mobius MIX200 Mixing System (Millipore Corporation, Billerica MA). This flexibility in processing amount is ideal for a unit that may be producing a variety of ASVs. Bags of plasma can thus be readily stored and changed as required. The mixing bag has access points for caprylic acid administration, and precipitation takes place in the bag under monitoring. The precipitate remains in the bag and is disposed of with the bag after the batch is processed. Once the precipitation is complete, the supernatant is driven by pump to a Polygard 5 micron filter housing (Millipore Corporation, Billerica MA) and filter and then pumped to a Pelicon Automated ultrafiltration and concentration system (Millipore Corporation, Billerica MA). This system can be provided with additional tanks to contain concentration chemicals and preservatives such as phenol and thimerosal. The concentration process is Supervisory Control and Data Acquisition monitored and automated to avoid error, as is the addition of preservatives. The final mixture is then pumped to sterilization through a Durapore Hydrophilic 0.22-micron filter (Millipore Corporation, Billerica MA), in the Class I sterile area and then goes on to filling and lyophilization. Integrity testing of the filters is performed by Integritest-4 automated testing equipment (Millipore Corporation, Billerica MA) to ensure consistent quality of filtration. Total serum production equipment is costed at $249 000, which may be subject to reduction through commercial negotiations.
Envialation and lyophilization
The final phase of production involves filling or envialation and lyophilization. The filling of the vials, capping, and sealing is carried out in a Class A clean environment. The equipment should be fully automatic with a digital programmer.
The ability to maintain ASV in an effective form will require lyophilization. The system should have sterilization in place and cleaning in place and reach shelf temperatures of Ϫ55ЊC and condenser temperatures of Ϫ7ЊC. Potential suppliers in Asia include Shanghai Tofflon Science and Technology Co Ltd, Shanghai, China, who supply equipment used by a number of manufacturers. Due to the criticality of these 2 elements and the quality of the final product, $400 000 has been included into the cost estimate. It is worth noting that the importation of lyophilization equipment may be subject to special import authorities because of their potential use in bioweaponry.
Means of production and the profit and loss account (Tables 6-8):
Labor Labor costs are itemized in Table 7 and have been derived from Indian/Pakistan market rates with the exception of the key scientific roles, which have been escalated to ensure top quality staff can be recruited into these areas. Quality and effectiveness requirements determine that high-grade scientific expertise is utilized to monitor production and critical testing of product. Staffing costs and levels for other posts are based on local estimates for horse care, production, and administration.
Venom
Venom costs are based on the inoculation schedule in the original design paper 14 and therefore include 5 g each of Bitis arietans and Echis ocellatus venoms and 6 g of Naja nigricollis venom plus 2 g additional of each venom for testing purposes postproduction. Table 6 . Key production categories used in the production of antisnake venom. All costs are in US dollars
Total cost/y ($) Description
Labor costs 153 000 See 
Production consumables
The Millipore filters and disposable mixing precipitation bags are calculated based on number of batches produced. In this model, 24 batches per annum are assumed, totaling $49 475.
Production chemicals
The key production chemical is caprylic acid, which is costed at $300 per liter. On a 24-batch cycle of 200 L of plasma per batch this would imply a requirement of 240 L of caprylic acid. Caprylic acid concentrations vary between 5% and 7%, and experimentation during initial testing will establish the most effective concentration to be used. 14, 34 Concentration and preservative chemicals are included in the total.
Horse fodder
The feed costs for maintaining the horses have been calculated on a total cost basis and assume that the grazing land provides virtually no nutritional value. This is unlikely but provides for a worst-case scenario. The daily requirement has been calculated per horse at: Total fodder cost for 100 horses is estimated to be $65 700 per annum.
Reconstitution water, packaging, and distribution
As discussed in the ''Introduction,'' sterile water required to reconstitute the lyophilized product into injectable form is purchased from a bulk supplier in ampoule form. A production output of 100 000 vials of ASV would require a similar number of vials of sterile water at a total cost of $4000. In addition, packaging costs of $4250 have been included to cover individual vial boxes, batch boxes, and product inserts. Delivery costs of final product to agent or end user organization are estimated to be $2000.
Utilities
Utility costs represent the cost of electricity needed for production, particularly in high use areas such as lyophilization, processing, and maintaining an air-conditioned sterile environment, particularly in Class A areas.
Amortization of equipment
Equipment and building costs are used up in the production process, and this element is recorded on the prof- 
Clinical testing and marketing
Necessary aspects of provision of ASV are clinical trials of the product for safety and effectiveness. Costs of $130 000 are included for this activity. This includes staff cost, regulatory expenses, and purchasing an existing ASV as a trial comparator. Also included in this amount are costs for preclinical testing in line with established testing regimens (eg, effective dose-50%, and lethality, pyrogenic activity, hemorrhagic activity, and myotoxicity testing). 14, 35, 36 Such clinical trial costs are a one-time expense that should not recur in subsequent years and may provide the possibility of further cost savings after the first year of production. In many developing countries, marketing material in the form of brochures and posters outlining effective and efficient treatment and usage of the product will be required, and costs of $100 000 have been included for this purpose.
The economics and why ASV production is sustainable!
Based on the above model of operation, it is now possible to prepare both a profit and loss account and balance sheet and to determine likely levels of return (Table  8 ). This should be looked at firstly in terms of cost leaving the production unit (ie, base costs), and, secondly, other costs that occur before end user administration of the ASV to the patient. Together these will determine the final market price of the ASV.
The price of production
Assets required to operate the facility are $4.56 million, and to generate an acceptable return of 20% return on assets, $0.9 million is the required level of profit for the given asset base, that is, $4.6 million ϫ 20% ϭ $0.9 million. 37 This profit, divided across 100 000 vials, equals $9.0 per vial.
The total cost of production figure is $0.987 million, which equates to $9.87 per vial. In order, therefore, to generate 20% return on assets, the total cost per vial equals cost of production plus profit required: $9.87 ϩ $9.00 ϭ $18.87 per vial.
The price, therefore, leaving the unit is $18.87 per vial.
Interestingly, the margin of the product, that is, the amount of profit made as a percentage of revenue (also known as return on sale), is 48%. This would appear to be very high and may encourage buyers to demand a price reduction. However, this would demonstrate a misunderstanding of ASV economics as the figures above represent the minimum amounts necessary to generate an acceptable and, therefore, sustainable return. The level of the asset base determines the level of profit required, and the costs involved are what they are.
It is worth emphasizing here that with an ammonium sulfate precipitation method the cost per vial would double in accordance with the reduction of yield with this technique. 29 
Price to market
The price leaving the unit will not be the final market price due to a number of factors. Firstly, an additional price increase will be made to cover buyers who only want small amounts. Large buyers will expect a reduction in price because of the volume purchased, and, therefore, a sufficient amount must be added to the production price to enable this reduction to be given without adversely impacting overall levels of return. Such cost shifting is a commercial reality. Therefore, an appropriate final price would likely be $22 per vial.
If the ASV is being produced for nondomestic consumption, that is, produced outside the country of consumption, then an import tax is likely. These typically range from 10% to 20% of the total price, resulting in a total price of approximately $26 per vial including tax.
Final distribution
The most common method of ASV distribution is either directly to government purchasers or via agents or specialist distributors. Selling directly to governments is the most cost effective method of supplying to end users as no additional uplift needs to be made in terms of cost. Achieving this relationship, however, would require a specialist sales force and infrastructure to achieve legal registrations, etc. However, the normal method employed by manufacturers is to use agents for distribution. Such agents or distributors will add an additional cost per vial to achieve a return adequate for their business. They will incur costs of maintaining a distribution chain, which, in the case of a liquid ASV, could be significant because of the requirement for a reliable cold chain. If distributors increase the cost price per vial by 30% to cover their costs and provide a reasonable profit, the final vial price will be $34 per vial.
Costs vs current market prices
The likely end cost to the final user, that is, the government or private hospital, will be approximately $26 to $34 per vial, depending on distribution strategy. This compares to the current African market price of $80 per vial. Significant reductions in cost are, therefore, possible, while still providing acceptable and thus sustainable returns to investors.
Volume impacts-single market
A further economy is possible based on volume. The above economics are based on an annual volume of production of 100 000 vials. However, the equipment array can easily produce 200 000 vials in 48 batches each year. For example, if the African venom mix is improved and extended to cover a greater number of species, 200 000 vials are likely to be needed in Africa. 1 In this case, additional costs and assets need to be added to the equation to establish assets and costs required for the higher production level. The asset costs will consist of a further allocation of land and stabling for the additional 100 horses, which, based on the model, would lead to incremental assets of $1.8 million.
The required level of profit to achieve a 20% return on assets on the incremental assets is $0.36 million, now making the total unit profit requirement $1.28 million.
Incremental costs of venom, utilities, production consumables, chemicals, and horse feed would need to be added. Some nonvariable costs such as amortization/depreciation on the equipment, trial costs, some administration, and production labor are excluded, as they do not vary with the production process. In addition, the cost for a clinical trial is excluded as a single product is being considered. This would generate an additional cost to the unit of $0.4 million to produce the additional 100 000 vials.
The economics of the unit are now:
• Existing assets ϩ incremental assets ϫ 20% ϭ $1.28 million.
• Existing costs ϩ incremental costs ϭ $1.39 million • Costs per vial ϭ $1.9 million/200 000 vials ϭ $6.9
per vial.
• Required profit ϭ $1.28 million/200 000 vials ϭ $6.4
• Production price ϭ $6.9 ϩ $6.4 ϭ $13.3 per vial.
Based on the previous tax and distribution calculations the price per vial to the end user would be $21 compared to $34 in the 100 000 vials per annum model.
Volume impacts-multiple markets
A further option to increase output is the production of ASV for a different market. For example, in addition to the original ASV for Africa, a second ASV for the Asian market is produced. In this case costs would need to be added to the equation for a further clinical trial.
• Existing costs ϩ incremental costs ϭ $1.487 million. This model would enable a similar end user price to be set as in the previous example, that is, $22 per vial.
In some Asian countries such as China, the cost per vial is higher than Africa ($160); however, in countries such as Pakistan, current selling prices are $10 to $15 per vial depending on whether the ASV is indigenously produced or imported from India. The reason for this cost differential is that Pakistan has a very basic production system that is very old and can thus produce ASV very cheaply.
If the intention is to sell into a current low cost market, then a possible answer is a variable pricing strategy. For example, it might be possible to set a price of $30 per vial for 100 000 African ASV vials and $15 per vial for the low cost Asian ASV market to generate the necessary revenue of $4.4 million required to cover costs plus profit. Variable pricing would still enable African ASV to be sold at a considerable local reduction over current prices and simultaneously provide a competitive product into the low-cost Asian market. Alternatively a single price for both regions could be set at $22 per vial, which would enable significant reductions to be achieved in Africa but not the low-cost Asian market.
Titres and why one does not flog a dead horse!
The above model demonstrates how ASV can be produced sustainably by generating an acceptable return but also a lower price in Africa and higher-cost areas of Asia and Oceania. A further economic variable is the level of titre raised in the horse. The current model assumes that 1000 vials are produced per horse in a year, giving a total of 100 000 vials from 100 horses. If multiple injection sites on the upper portion of the neck, close to lymph nodes, are used to inoculate a healthy horse it may be possible to generate an additional 500 vials per horse in the same period. This is a key reason why horses must be kept healthy, exercised, and well fed. 31 The incremental costs involved in such production are minor and include additional utility costs for processing and additional preservatives and vials. The reduction in price for end users can be significant. For every 100 vials produced per horse in a year, the cost of a vial to the end user declines by $1 to $2 per vial. If 500 additional vials are achieved per horse, the final price in the initial 100 000 vial output model may decline from $34 to $25. In the case of the higher volume option of 200 000 vials for Africa, 500 additional vials per horse would enable a price reduction to $16 per vial! Such a reduction is significant in developing countries with limited health budgets.
Conclusions
The provision of ASV in areas of shortage, which are many, is often characterized by experts, citing a priori assumptions, as being unsustainable. They conclude that the only solution to this problem is to rely on charity from private donors or organizations, 1, 38 although there is little evidence of success with such an approach. The assumption that ASV production and distribution can only be sustained by charitable donation is not, to our knowledge, based on any rigorous analysis of the financial aspects of production or economic sustainability. Given the magnitude of the clinical problem, it is surprising that no individual or organization has to date reported an economic analysis about whether profitability can be achieved.
We are very confident that, by applying our model, many developing nations or nongovernmental agencies will be able to prevail upon new or existing pharmaceutical companies to produce ASV. The potentially perverse and conflicting incentives involving long-established methods and relationships must be recognized and addressed. On close analysis, however, the facts elucidated here for the first time should speak for themselves. Currently, established ASV producers with an interest in avoiding specific recommendations that mandate a change in long established processes with which they are familiar and academics with no experience of financial sustainability, dominate the meetings where these issues are debated. 1, 18, 35 We strongly urge them and others to adopt the best methods for sustainability and economic return. We do not presume that our model is perfect, but we are proposing to correct a situation that has gone on much too long without quantitative analysis.
Much additional work remains to be done; for example:
1. It is critically important that clear and specific recommendations be made regarding needed ASV profiles in terms of species and geographic regions to be covered. 2. Advice must be given to government and regulatory bodies that alternatives to the pepsin digested, F(ab) 2 , ammonium sulfate precipitated ASVs are safe, cost effective, and preferable in developing countries due to sustainability and affordability. Pharmacopoeias must be changed where needed to enable the most efficient processes to be implemented. 3. Equipment manufacturers must be engaged to seek innovative solutions to produce ASV, which simplify the process, maintain quality, and provide technical, maintenance, and training support. 4. The positives of ASV production should be stressed rather than continually focusing on unestablished negatives, which deter good providers from entering the market and thereby lead to the assumption that ''handouts'' are the only way to fund ASV sustainably.
We believe that we have demonstrated that ASV can be produced at affordable prices and sustainably if the problem is approached in the correct manner-which will also optimize the issues of effectiveness, purity, supply and demand, economic considerations, and safety. If we are to avoid Taleb's observation that ''we spend our time in small talk, focusing on the known and the repeated,'' we have to aggressively reconsider what has historically, and erroneously, been considered the improbable ''black swan'' of sustainable, affordable ASV. 40 The solution is not more general commentary on issues and solutions that are purely applicable in a western context-the historical approach of the World Health Organization Department of Medicines, Policy and Standards, 1, 18, 35 and it is hoped that the exercise described here will lead to a more pragmatic and problem-solving approach, particularly as better approaches to solving the ASV availability crisis are now available. 41 
